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"Ah, but a man's reach should exceed his grasp,
or what's a heaven for?"

Robert Browning, Andrea del Sarto (1855)
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PREFACE

This report, prepared as part of RAND-sponsored research, was
originally intended to commemorate the fortieth anniversary of Project
RAND (now Project AIR FORCE), a long-term research effort that
began in April 1946 with a study of the utility and feasibility of space
satellites. RAND research on space technology continued, for the next
two decades, to emphasize the primacy of photoreconnaissance and the
communication to earth of remotely sensed data. Without the ability
to observe and communicate, other applications of space technology
appeared infeasible. As a direct consequence of this continuing focus
on the potential of space for reconnaissance and arms control verifica-
tion, the writing and security clearance of the present report have not
been a simple matter either for the authors or for the U.S. government.(/-)
Hence, a project begun two years ago to commemorate the fortieth
anniversary of Air Force Project RAND, in 1986, shall now serve to
commemorate the fortieth anniversary of the creation of The RAND
Corporation itself (with an interest-free loan from The Ford Founda-
tion) as an independent non-profit corporation in 1948.

The U.S. Army Air Force, soon to become the U.S. Air Force, ini-
tiated a project on Research ANd Development (RAND) under con-
tract with the Douglas Aircraft Company in March 1946. Project
RAND's initial study, completed in a "crash" effort that mobilized both
staff and consultants for three weeks in April 1946, resulted in the
publication on May 2, 1946, of RAND's first report, Preliminary Design
of an Experimental World-Circling Spaceship (SM-11827).

The first Project RAND report identified a range of potential appli-
cations of space technology. In 1946-47, and following the incorpora-
tion of RAND in 1948, members of the RAND staff investigated poten-
tial space technologies-or impediments to the development of such
technologies. They assisted in the formulation, in the 1950s and later,
of space missions for reconnaissance and arms control verification,
weather forecasting, mapping and geodesy, communications, planetary
and interplanetary exploration, and other purposes.

The present report attempts to capture the breadth of interests, the
diligence of effort, and the synergy of multidisciplinary applications
that contributed to achievements for the United States and for the
scientific community worldwide in the exploration of planetary and
interplanetary space.
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The roles of the RAND researchers were diverse. The staff initiated
research projects that might contribute to the national security; they
identified potential USAF system requirements and developed concepts
to achieve these requirements; and they facilitated the transfer of ideas
into the educational institutions and industrial firms that might pursue
technological innovations. But RAND did not build weapon systems,
or balloons, or reconnaissance satellites, or rocket launchers. Many of
the concepts that RAND explored depended on other institutions for
successful implementation.

This history emphasizes the role of the U.S. Air Force in deciding
whether and how to implement RAND's research findings and recom-
mendations. The Air Force, in this period, was the principal source of
RAND's funding. But other government institutions implemented pro-
grams that, for whatever reason, the Air Force could not accomplish.
It was the National Aeronautics and Space Administration (NASA)
that ultimately operated the TIROS weather satellite system in 1960
and thereafter, the original concept and requirements study (RAND
Report R-218) resulted from exclusive Air Force sponsorship in the
early 1950s. The Central Intelligence Agency (CIA), established under
the National Security Act of 1947, kept abreast of much of the Air
Force-sponsored research on high-altitude reconnaissance systems. In
particular, Philip G. Strong, a retired Marine colonel who served as
CIA's Assistant Director (Collection) for Scientific Intelligence after
1950, participated in meetings of the Air Force Scientific Advisory
Board with various RAND participants. Colonel Strong brought
promising developments to the attention of Richard M. Bissell, Jr.,
who in 1954-59 served as a Special Assistant to the Director of Central
Intelligence.

The following account of RAND's activities does not attempt to par-
ticularize the accomplishments of the CIA. The scope of what is
treated here does not imply that only RAND, or only the Air Force,
was involved in successful program implementation. Further, the
building of rockets, satellites, and other space system components
depended upon existing industrial firms and, downstream, upon the

creation of new industrial firms that brought many of RAND's con-
cepts to fruition. The authors have followed security guidelines, it
should be noted, that have the effect of minimizing references to the
intelligence-related activities of other organizations whose accomplish-
ments were essential to success.

Certain aspects of RAND's contributions to astronautics remain
classified. Because of RAND's formative role in the space program, a
special effort has been made to summarize or to obtain the release of
as much background information as possible.
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RAND documents that have been externally distributed are identi-
fied in this history by title and by date, even in those instances when
documents are not presently approved for unlimited public release.
These citations provide historical references, and may illuminate the
context and sometimes the impact of RAND's research. Some of them
have not been approved for public release because no requests have
ben made and no release decisions sought. Other documents have
been approved for release in sanitized form, or have been summarized
in unclassified bibliographies. But some works cited to provide an his-
torical overview are not releasable in whole or in part.

The authors of this study bring a diverse experience to their review
of RAND's early research on space technology and its applications.
Morton E. Davies, trained as an engineer and mathematician, came to
RAND in 1947 after eight years at the Douglas Aircraft Company. In
recent years he has participated in the exploration of the solar system
as a member of the imaging science experiment teams for missions to
Mercury, Venus, Mars, Jupiter, Saturn, and Uranus. He contributed to
RAND's Project FEED BACK studies on space reconnaissance in the
early 1950s; and after Amrom H. Katz, a photoreconnaissance expert,
arrived at RAND in 1954, he worked with Katz and others to facilitate
the development of space-based reconnaissance systems that many
dismissed as impossible. Davies played a recurring role in identifying
potential uses of space reconnaissance to minimize the risks of surprise
attack, in drafting U.S. submissions on verification capabilities for the
Geneva Surprise Attack Conference of 1958, and later in devising ideas
to make arms control initiatives feasible.

William R. Harris, an international lawyer at RAND since 1972, has
worked on many aspects of treaty verification. He acquired his initial
interest in space technology near the end of the period treated in this
report. It was in 1962, at the Woods Hole Summer Study on Verifica-
tion and Response in Disarmament Agreements, that he learned from
RAND's Katz of the mounting potential for "verification by national
technical means" to supplement or supplant on-site inspections for the
verification of arms control treaties. Formerly a consultant to the His-
torian in the Office of the Secretary of Defense, and to the Senate
Select Committee on Intelligence, Harris has reviewed the roles of over
one hundred pioneers of U.S. space technology, with special interest in
the activities of members of the RAND research staff.

What follows is not a substitute for an in-depth history of RAND's
research on space technology and policy, with access to the remaining
archival records and interviews as appropriate. It is only a sketch, and
an incomplete one at that. Already many of RAND's pioneers in this
field have passed from the scene, and so too have some of the most
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important documents on RAND's early work on reconnaissance appli-
cations. These were considered sensitive in their day; regrettably,
many documents retained in but a single copy are now gone, except for
the control logs indicating their retention and destruction.

Over the past decade, official records of the National Security Coun-
cil and the military services have been declassified in the national
archives or through requests under the Freedom of Information Act.
Based on these archival materials and interviews with participants,
many books and historical articles have been written. Many of these
studies, including official histories by Robert L. Perry and others, are
listed in the bibliography accompanying this report. Much of the
RAND work has already been treated in these studies, often with more
detail than is provided in this overview of RAND research on space
technology. What the authors hope to contribute is a sense of context,
illustrating the impact of multidisciplinary research within RAND and
suggesting how the RAND staff and their research findings figured in
diverse activities leading to early space operations.

The authors wish to express their appreciation to Amrom H. Katz
for his review of drafts of this report, and for his helpful suggestions
and observations. The authors also wish to acknowledge the efforts of
Stephen M. Drezner at RAND and many U.S. government officials to
arrive at solutions to impasses during a multi-phased security review of
preliminary drafts of this report as prepared in August 1986, and
revised in September 1986, June and July 1987, and February, April,
and June 1988. Many government officials devoted time to review the
manuscript and the security-review issues arising in connection with its
preparation. The authors wish to note with special appreciation the
careful readings and suggestions of Colonel William L. Griego, USAF
(Ret.), and Mr. Donald E. Welzenbach, an historian, and the monitor-
ing of the review process by the Associate Counsel to CIA's Publica-
tions Review Board, Anne M. Fischer.

From the inception of research to final type composition, our editor,
Malcolm A. Palmatier, has suggested organizational and procedural
solutions that have enabled us to present our story, while adhering to
security guidelines. We are grateful for his commitment to the publica-
tion of RAND history. Mrs. Jean Renner provided word-processing
services through many drafts with patience and care; Wendy B. Ander-
son proofread our latest drafts; and Jean I. Houston and Patricia
Tisher did the typesetting.

The authors alone are responsible for the final contents of the his-
tory and for any errors that may remain.
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Part I

THE EVOLUTION OF SPACE SATELLITES FROM
HIGH-ALTITUDE RECONNAISSANCE SYSTEMS:

THE INITIAL PHASE, 1946-1954



I-1. PROJECT RAND

After one eviews the breadth of activities at RAND with respect to
space te huology and its applications, a question that comes to mind is,
"Why RAND?. -Many of the ideas that RAND research staffers-
"RANDites'-pursued had no constituency in the Washington bureau-
cracy. And many were but a gleam in the analyst's eye, disparaged
even within RAND. Yet the ideas survived and ultimately found a
home in research projects, in development programs, and in operational
systems or policy innovations. Why did this happen, and what kinds
of policies will encourage this kind of intellectual ferment and innova-
tion in the future?

This is a subject larger than the topic of this report, but it is ger-
mane to any explanation of why RAND was able to take on the tasks
that it did, and why it was so often successful in bringing ideas
together, in honing policy recommendations, and in facilitating practi-
cal implementation.

The fact is that RAND, from its infancy, operated in an environ-
ment that facilitated and rewarded creativity, multidisciplinary
research, the application of knowledge to important issues of national
security, and the artform of what some have later called "implementa-
tion research."

The Deputy Chief of Staff (Development) of the U.S. Air Force,
Major General Curtis E. LeMay, saw part of his job as protecting the
Project RAND staff, and RAND as an institution, from short-term
diversions from the long-term research mission that the Air Force had
assigned it. General LeMay committed himself to give RAND at least
five years of benign neglect, allowing it to structure its staff and
research agenda so that it could serve long-term needs of the Air Force
and the nation.

Also involved with RAND in this beginning period was John H. Car-
ter, an Air Force officer assigned to Wright Field1 in 1946-50.
Thereafter, Colonel Carter became a deputy to Colonel Bernard A.
Schriever in the Office of Development Planning. In these capacities
Colonel Carter became familiar with RAND's satellite concepts, as did
Colonels Richard S. Leghorn and Richard W. Philbrick. Within
RAND this meant that there was latitude to innovate, to build research
alliances among staffs with diverse training and work habits picked up

'in the conte xt of this historical sketch, the authors retain the familiar expreasion
"Wrht Field." The official name "Wriht-Patterson Air Force Base" was adopted on
January 13, 1948.

3
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at the universities, from which many RANDites came. At the universi-
tiUe, before the infusion of federal research funds, cross-department
research was seldom encouraged and often proved unhelpful to career
deveopment. The intellectual ferment at RAND yielded many publi-
cations, but it also resulted in RAND's developing a role as a facilita-
tor, a ,honst broker of new ideas (or old ideas long forgotten) ready
forol implementation.

RAND was not a publish-or-perish place.' It facilitated the applica-
tion of innovations to solve important national, and especially national
s , problems. An illustration of RAND's role as a broker of inno-
vations, treated later in this report, involves the concept of the
panoramic camera as one especially suited for space photography, and
the transfer of suggested means of adapting this concept to another
non-profit enterprise (within Boston University), which in turn modi-
fied the RAND concept in the redesign of high-altitude cameras. Mer-
ton Davies' idea was to take advantage of a spinning spacecraft (spun
for stabilization) to perform a panoramic scan with a narrow-angle
lens. This opened the possibility of achieving higher resolution in the
course of wide-angle scanning with a narrow-angle lens. A variant of
this successful formula-wide-angle coverage with narrow-angle lens-
has been shown to be successful. Stimulated by the work of Fred
Willcox at Fairchild Camera and Instrument Company, Davies' con-
cept was to utilize a panoramic camera with 12-in. focal length
mounted in a spinning spacecraft. It was Amrom Katz who passed
Davies' concept along to Walter Levison of the Boston University
Physical Research Laboratories. Levison thereafter redesigned a
caWera-while lying in a hospital bed with back pain-that applied the
concept of a panoramic camera with long focal length, although his
concept involved an oscillating rather than a spinning camera lens.

If it were not for a carbon copy of a letter and a later memorandum,
there would be no trace of this particular illustration of RAND's role
as a facilitator of innovation. Many other ideas that facilitated tech-
nology applications occurred without the written traces that historians
would prefer. But early RAND bridged the worlds of basic research,
applied research, and policy innovation without worrying excessively
about its written trail.

RAND's first president, Frank R. Collbohm, played a major role in
structuring the atmosphere at RAND that encouraged creativity and
self-initiated research. But the U.S. Air Force deserves much of the
credit also.

Gened Hoyt S. Vandenberg, Chief of Staff of the Air Force,
p Air Force Letter 80-10 on "Air Force Policy for the Conduct

of Project RAND," on July 21, 1948. Several of the policies enunciated
there contributed to RAND's effectiveness:



A. The Air Fore will support Project RAND to the fullest poesi-
ble extent.

B. Project RAND will continue to have maximum freedom for
planning its work schedules and research program.

C. A&ate, fiscal support will be provided to insure the con-
tinuity of the Project so as to permit maximum effectiveness
in programming and to provide for economy of operation.
The broad assignment of work and the extremely high caliber
of personnel required to conduct this background research dic-
tates that the Project be unusually stable to be effective.

G. The use of Project RAND to accomplish specific "crash pro-
ram" staff work will be minimized. RAND is not conceived

nor is it staffed as an organization to provide "quick answers"
for current staff problems....

IL. "The RAND Corporation" will be free to undertake sup-
plementary work for agencies other than the Air Force, or
jointly for the Air Force and other agencies....

I. RAND will be supplieA by all agencies of the Air Staff all
information including such classified data which is necessary
for the prosecution of the Project.

In a supportive and cooperative environment, Project RAND under-
took exploratory research on many aspects of aerial warfare with impli-
cations for space technology and on potential space technology applica-
tions.
Amrom Katz, who came to RAND in 1954, has reflected on the

unwritten rules regarding the scope and limits of RAND research:

The RAND environment was fascinating and the "rules of engage-
ment" largely unwritten. One developed his own feel for the problem
and the constraints on what was feasible and what was out of
bounds. Shortly after I came to RAND, I discovered (and it was not
hidden) that RAND led the country in the calculation of the specific
impulse of a large number of possible rocket fuels. The RAND team
numbered three or four-a mthatician, a chemist, a computer
aide, and a secretary. I wondered how this could be. After a while
the explanation was clear. RAND worked on this problem before
industry did. It was a not-yet-profitable activity. When it became
profitable for industry, they could outweigh and outcalculate RAND.
The frontier was no longer the frontier. Hence the important dis-
tinction between an unprofitable activity and one which is not yet
proftble. As soon as industry occupies the RAND forward bunkers,
RAND goes off in march of new frontiers.



I-2. RAND'S FIRST REPORT-A
WORLD-CIRCLING SPACESHIP

RAND emerged from the Santa Monica-based research laboratories
of the. Douglas Aircraft Company almost immediately after World War
I. Located in leased buildings at Fourth and Broadway in Santa Mon-
ica (Frontispiece), before new facilities were built closer to the Pacific
ocean in the early 1950s, Project RAND began with an intensive
three-week study of the feasibility of launching and utilizing a space
satellite. RAND's first President, Frank R. Collbohm, headed the proj-
ect himself, together with his deputy, J. Richard Goldstein. Both the
Army Air Force leadership and the project managers envisioned Project
RAND as an advanced planning organization for the Air Force, with
plans for operations analyses as well as investigations of future roles
for aircraft and missiles in the U.S. Air Force. 2

Despite plans for long-term studies, Project RAND started with a
"crash" effort resulting from perceived needs of the Army Air Force to
demonstrate independent competence in analyzing the feasibility and
potential applications of space technology, in advance of an interser-
vice review with representatives of the U.S. Navy in May 1946. Major
General Curtis E. LeMay, then Director of Research and Development
for the Army Air Force, considered space operations to be an extension
of air operations, and viewed both as the exclusive domain of the Air
Force. Hence, he had rejected a joint development program with the
Navy even before turning to Project RAND for the Air Force's first
study. (Perry, 1962, p. 11; Stares, 1985, pp. 24-25; Hall, 1963)

A May 1945 report by Werner von Braun reviewed German views on
the potential of rocket-launched space satellites. This report echoed
the interests of a German scientist, Hermann Oberth, whose book,
published in 1923, stimulated interest in space exploration and in the
formation of a German Society for Space Flight (in 1927). Oberth
developed the concept of an artificial satellite of the earth, assuming
the need for manned systems and underestimating advances in guid-
ance, control, and automation.

The Von Braun report stimulated Navy interest and a Navy pro-
posal of October 3, 1945, to develop a space satellite. An initial Navy
Bureau of Aeronautics (BuAer) report followed in November 1945.
(Lancaster, 1945)

For biackground information on the origins of Project RAND, see Bruce LKR. Smith,
77e RAND Cmporadom Case Study of a Nonprofit Adviory Corporation, Harvard
Unierity Press, Cambridge, Mass., 1966, chapter. 2 and 3, pp. 30-92.

/
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This initial Navy report preceded (1) a December 1945 Navy request
for a satellite feasibility study, and (2) Air Force interest, expressed in
both a report of General H. H. Arnold in November 1945 (design of a
space ship "is all but practicable today) and a December 1945 Air
Force Scientific Advisory Group study, the Von Karman report, which
considered long-range rockets to be feasible and satellites to be a
-definite possibility." (Perry, 1962, p. 9; Augenstein, 1982, p. 3)

Before Project RAND began operation, Dr. Vannevar Bush had ridi-
culed the recommendations of General "Hap" Arnold in testimony
before the U.S. Senate, and the Navy had proposed, on March 7, 1946,
the establishment of an interservice space program. This concept came
before the joint Army-Navy Aeronautical Board of Research and
Development on April 9, which resulted in a decision to reconsider the
matter at a meeting on May 14, after the Army representatives could
consult with General LeMay. The latter, possibly upon the interven-
tion of the Commanding General of the Army Air Force, General Carl
Spaatz, insisted upon an independent Army Air Force study to demon-
strata an independent competence in space technology and to retain
primary responsibility for any military satellite vehicle in the Army Air
Force. (See Perry, 1962, pp. 10-11.)

General LeMay asked the Douglas Aircraft Company in Santa Mon-
ica, California, to have its advanced concepts group, Project RAND,
undertake a feasibility study of a space satellite with a three-week
deadline so that the Army Air Force could "meet a pressing responsi-
bility." The first Project RAND study, SM-11827, was available after
Douglas review on May 2, 1946. After minor revisions, it was for-
warded to Major General Laurence C. Craigie at Wright Field and to
General LeMay at the Pentagon, where it arrived on May 12, just two
days before the May 14 review with the U.S. Navy. (Perry, 1962, p. 12,
citing Memo, Ch., BuAer to JRDB, "Earth Satellite Vehicles," January
24,1947; Lee Bowen, ms; Project 1115 Background, December 1954)

The initial Project RAND report (Fig. 1) contained a multi-authored
scientific and engineering review of the feasibility of launching and
controlling a space satellite. Concepts reviewed included propulsion,
multi-stage launch vehicles, the risks of meteors to mission perfor-
mance, methods of analyzing trajectories, and problems of recovering
space payloads upon entry (now known, mysteriously, as "re-entry")
into the atmosphere.

Professor Louis N. Ridenour of the University of Pennsylvania's
Nuclear Physics and Electronics Department served as a consultant on
Project RAND's initial study. Ridenour was one of the nation's
foremost experts on radar technology. Considering the specialized
focus of his work in World War II, the breadth of his vision in his brief
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work foe RAND in Aril 1946 is remarkable. Ridenour wrote Chapter
2 of 8M-11827 on the "Significance of a Satellite Vehicle." Among the
missiom that he identified we: satellite. to guide missiles, satellites
a the missiles themselves, satellites as "observation aircraft," satellites
fo attack sasmmeat, satellites for weather reconnaissance, and satel-
litW , co mmnictions. But the participants in this study under-
stood the necessary limits of their vision:

In making the decision as to whether or not to undertake construc-
tion of such a [space] craft now, it is not inappropriate to view our
present situation as similar to that in airplanes prior to the flight of
the Wright brothers. We can see no more clearly all the utility and
implications of spaceships than the Wright brothers could see fleets
of -X82 bombing Japan and air transports circling the globe.

It was the combination of technical feasibility assessments and the
Ridenour overview of potential missions which captured the interest of
the Air Force and maintained that interest until satellites were an
operational reality. Hence, the following testimony occurred before the
Senate Committee on Armed Services in January 1958:

Sweator Start Symb -on "The satellite situation: Is the Air Force
interested in satellites?*

M. Gi Bernard A. ScIriemr: "Well, we have been interested in
satellites since I9M6, actuaRy, when we started The RAND Corpora-
tion.*

I-S. THE 1947 LIPP REPORT ON SATELLITES
FOR OCEAN SURVEILLANCE,

RECONNAISSANCE, AND
GEOSTATIONARY COMMUNICATIONS

In 1946-47 Project RAND pursued the feasibility issues identified in
the May 1946 report, James E. Lipp, head of the Project RAND Mis-
IBe Division, managed the continuation of the study on space satel-
lites. A second six-month effort began in July 1946 with the objective
of achieving

a design study sufficiently complete so that product contracts can be
ma& for actual [satllite] vehicles of this type. (Project RAND
Second Quater, Rport, RA-15004, September 1, 1946, p. 3)
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RAND' Satellite Study Section staff included, in 1946: James E.
(the Satellite Study Section Chief), F. J. Krieger, G. H. Clement,

R. W. Krer, G. Grimminger, W. C. Peters, Y. M. Claeys, E. Tie-
=op. R 8. Paulson, L Munson, and B. L. Dodge.

ProJect RA4D's second quarterly report contained an overview,
Staue of Sa StuAdy, RA-15006, dated September 1, 1946. RAND's
work in the aftermath of the May 1946 report required a decoupling of
imagination from the experience with high-altitude technology in
World War IL In a war replete with breathtaking technological
advances, the United States had experienced only modest incremental
devlome in rocket technology and in high-altitude reconnaissance
systems. Hence, RAND recommendations in 1947-51 that assumed a
potential for rapid development of rocketry and reconnaissance tech-
nologies should be interpreted against the backdrop of limited wartime
technological progress in these areas.

Also contained in RAND's second quarterly report was a summary
of the COMET Project. (See RA-15004, September 1, 1946,
pp. 36-40.) This project was an outgrowth of an earlier RAND idea to
use a V-2 rocket to "shoot the moon" by launching into the moon's
gravitational field. The COMET variant would eject particles from a
high-velocity shaped-charge. These would create a cometlike object
that could be observed from the earth's surface and that might be com-
pared with the phenomena of actual comets. (See Fig. 2.)

It was the February 1947 RAND report, and not the May 1946
report, that first analyzed the potential of satellites for reconnaissance
missions. From a 1980s perspective, there is no novelty in this
emphasis upon the special potential of space reconnaissance rather
than upon other potential uses of space satellites. But in 1947 an act
of faith was required in the capacity to make dramatic improvements
in high-resolution photography to anticipate the utility of space-based
imaging of the earth.

Compared with the development of technology for radar, atomic
weapons, and computers, the advances in photographic reconnaissance
technology during World War II had been modest. Aerial photorecon-
naisance, developed in World War I, was generally viewed as an
operational function and not a technology development during World
War I. Photographs were required immediately, and research tended
to focus upon small improvements that could be brought to operational
readiness in a matter of days or months, not years.

Amm Katz addresses the lack of significant progress during World
War II in improving the quality of photographic images:
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... One must inquire deeply into the reasons for lack of progress (dur-
ing the course of the [second world] war) in improving lenses, resolu-
tion, and general quality of the photographic image.

The main reason seems to have been that cameras developed in World
War II were direct and linear descendants of cameras available at the
beginning of that war. The essentially square or rectangular format.
flat film, essentially standard mountings, etc., and especially standard
film magaines, prevented novel cameras from being introduced.
Furthermore, the fact [is] the film itself imposed a serious limit on
image performance and image definition, and precluded making giant
steps in lenses. Besides, World War II was, as more recent experience
shows, fairly brief (except, of course, to participants therein). The
current great popularity, well deserved, of panoramic cameras leads
one to inquire how come there were no panoramic cameras developed
during World War If. The reasons lie in the complex production
operations, inventories, standardization of equipment, viewers, proces-
sors, etc., that go to make up a standard operational package.

... It is a curious fact that the panoramic camera, at least 100 years
old... was invented specifically because lenses of 100 years ago were
resolution limited, and could not cover a wide angle. In the effort to
get a wide angle, the lens was scanned across a semicircular piece of
film, as in the familiar photographs taken at picnics, class reunions,
graduating ceremonies, and the like. Thus, a lens which could
inherently cover only a small angle was made to sweep out a large
angle giving acceptable definition over the entire field.

... To a new generation of workers accustomed to this extremely high
resolution, it may come as a shock to realize the desperate clawing
and fighting that was required to increase resolution from 10 to 20
lines per mm, from 20 to 40. High resolution is an extraordinarily
fragi commodity;, it can be lost by temperature gradients, vibration,
mechanical errors, and even requires special handling once it is
brought into the laboratory.... (Katz, 1970, pp. 1, 4, 5, 10, 11)

On February 1, 1947, Project RAND published a series of documents
intended to assist contractors in preparing their own preliminary
designs and analyses. These reports were:

1. Flight Mechanics of a Satellite Rocket, RA-15021
2. Aerodynamic, Gas Dynamics and Heat Transfer Problems of a

Satellite Rocket, RA-15022 (limited distribution)
3. Analysis of Temperature, Pressure and Density of the Atmo-

sphere Extending to Extreme Altitudes, RA-15023 (superseded
by RM-841)

4. Theoretical Characteristics of Several Liquid Propellant Systems,
RA-15024 (withdrawn)

5. Stability and Control of a Satellite Rocket, RA-15025 (with-
drawn)

6. Structural and Weight Studies of a Satellite Rocket, RA-15026
(withdrawn)


